Tributyltin in the concentration range 1-4uM failed to stimulate Ca2+ transport by Lucilia flight-muscle mitochondria in a medium containing KCI and respiratory substrate but devoid of P,, despite its promotion of a rapid Cl-OH-exchange. When 2mM-P1 was present, concentrations of tributyltin greater than 1 IM inhibited the initial rate of Ca2+ transport and induced efflux of the ion from the mitochondria in Cl--or N03--containing media. Lower concentrations had little effect. Oligomycin added at up to 10.ug/mg of mitochondrial protein had no effect on Ca2+ transport. By contrast, approx. 0.3 pMtributyltin completely inhibited respiration supported by a-glycerophosphate in either the presence or absence of added ADP. The data suggest that tributyltin can inhibit Ca2+ transport in Lucilia flight-muscle mitochondria other than by facilitating a Cl-/OHexchange or producing an oligomycin-like effect.
The movement of Ca2+ between various cell compartments is fundamentally important for the way in which the ion influences a range of cellular metabolic activities (reviewed by Bygrave, 1978a,b) . Since such movement is greatly facilitated by permeant anions (Lehninger et al., 1967; Martonosi, 1972; Lehninger, 1974; Bygrave, 1977) , it follows that an understanding of the mechanism of this facilitation is of wide biological interest.
We have shown that trialkyltin compounds, known to promote C1-/OHexchange across the inner mitochondrial membrane (Selwyn et al., 1970; Stockdale et al., 1970; Skilliter, 1976) , are potentially useful probes for elucidating further the interaction of the anion with Ca2+ movements in these organelles. Specifically, we observed that 1-2puM-tributyltin markedly increased the initial rate of Ca2+ transport in a Cl-containing medium.
The clear dissimilarity between mammalian and insect flight-muscle mitochondria with regard to the effect of permeant anions, especially Pi, on Ca2+ transport (Carafoli et al., 1971; Bygrave et al., 1975 Smith & Bygrave, 1978) prompted the question as to whether this dissimilarity pertained also to the interaction of tributyltin with mitochondrial Ca2+ transport. Experiments in this report establish that this is so.
Experimental
Maintenance of flies, the isolation of flight-muscle mitochondria and measurement of mitochondrial respiration were carried out exactly as described previously (Bygrave et al., 1975; Smith & Bygrave, 1978) . Ca2+ transport was measured by the RuthenVol. 174 ium Red-EGTA quench technique (Reed & Bygrave, 1974) or by using combination Ca and pH electrodes (Ramachandran & Bygrave, 1978) . Each of the experiments described was carried out at least twice and usually three times, with agreement between experiments within approx. 10 %. Tributyltin chloride (B D H, Poole, Dorset, U.K.) was prepared by diluting a portion of the stock solution (1.19g/ml) to give a concentration of 4.5 mm in ethanol. This was further diluted periodically in water and portions added to the reaction mixtures as described in the Figure legends.
Results
The following points were established in initial experiments, the results of which are not presented.
In media containing K-Cl and a-glycerophosphate and devoid of added Pi, concentrations of tributyltin up to 4pM failed to stimulate the initial rate of Ca2+ transport by Lucilia flight-muscle mitochondria isolated from flies ranging in age from 1 to 24h. This situation contrasts with experiments using rat liver mitochondria in which 1-24uM-tributyltin stimulated up to 100 % the initial rate of Ca2+ transport . The inability of tributyltin to stimulate Ca2+ transport by Lucilia mitochondria does not arise from an inability of the compound to promote a Cl-/OH-exchange. As shown in Fig. 1 Only quite low concentrations of Pi are required to induce Ca2+ transport by Lucilia mitochondria Smith & Bygrave, 1978) . Fig. 2(a) Mitochondria (1 mg of protein), isolated from 6h-old flies, were added, and after 1 min 50uM-Ca2+ (containing 0.3,uCi of 45Ca2+) was added to initiate the reaction. In (b) the reaction system was similar, except that tributyltin at the indicated concentrations was added 1 min after the Ca2+. At this point Ca2+ inside the mitochondria was approaching the steadystate concentration. The rate of Ca2+ efflux was then measured. In (c) respiration was measured in a medium identical with that in (a) in the absence (0) or presence (e) of 200piM-ADP. Fig. 2(b) shows the effect of adding various concentrations of tributyltin to Lucilia mitochondria after they had accumulated Ca2+. Rather than promoting a further accumulation of Ca2+ (cf. Bygrave et al., , 1978b , tributyltin in these experiments induces an efflux of Ca2+. The rate of efflux increases as the concentration of added tributyltin is increased; maximal rates of efflux were seen at approx. 4,uM-tributyltin. Again similar results were obtained when NO3-replaced Cl-in the incubation medium.
Finally, data in Fig. 2(c) show the effect of tributyltin on the rates of respiration in the absence and presence of added ADP. Especially noteworthy is the finding that respiration is extremely sensitive to low concentrations of added tributyltin; the K1 is approx. 0.1 AM and near-maximal inhibition occurs at approx. 0.3AM or at a concentration which has little effect on the initial rate of Ca2+ accumulation (cf. Fig. 2a ). The concentrations of tributyltin that inhibit respiration of Lucilia mitochondria are similar to those that inhibit respiration in rat liver mitochondria (cf. Selwyn et al., 1970; Stockdale et al., 1970) .
In other experiments, results of which are not presented, it was shown that addition of oligomycin to the incubation systems of Figs 
Discussion
The inhibitory effects of trialkyltin compounds on mitochondrial energy transduction (Aldridge, 1958 (Aldridge, , 1962 have been considered to result from either a Cl-/OH-exchange in a Cl--containing medium or from an oligomycin-like inhibition of phosphorylation which persists independently of the ionic composition of the medium (Selwyn et al., 1970; Stockdale et al., 1970; Skilliter, 1975 Skilliter, , 1976 Ariel & Avi-Dor, 1973 , 1975 . Experiments in this report show that energy-dependent Ca2+ movement by Lucilia flight-muscle mitochondria is prevented by low concentrations of tributyltin through a mechanism that appears not to involve one or other of these mechanisms. Although the mechanism of inhibition cannot be gleaned from this work, it is pertinent that the inhibitory pattern is similar to that observed in the study of Ruthenium Red-insensitive Ca2+ transport by the microsomal fraction from rat liver (Bygrave, 1978c) .
The second major conclusion to be drawn from this study is that a-glycerophosphate-supported respiration is sensitive to concentrations oftributyltin that have no inhibitory effect on the initial rate of Ca2+ transport. This provides further evidence for the view that respiratory-chain activity is not the rate-limiting step in mitochondrial Ca2+ transport , only the latter is effective with Lucilia mitochondria. Yet, in most other respects, the properties of Ruthenium Red-sensitive Ca2+ transport is similar in mitochondria isolated from both species (Bygrave et al., 1975) .
